This study explores the possibility that the delayed hypoperfusion observed after an ischemic insult might be due to vasoconstriction induced by the release of noradrenaline from nerves originating in the locus ce ruleus. Bilateral 6-hydroxydopamine lesions of the as cending bundles from the locus ceruleus were carried out in the caudal mesencephalon of rats. Local CBF was measured with an autoradiographic technique 60 min fol lowing the start of recirculation after incomplete fore-During the recirculation period following cerebral ischemia, an initial "reactive" hyperemia is suc ceeded by a secondary decrease in CBF, called
brain ischemia. No significant differences in CBF be tween nonoperated, sham-operated, and noradrenaline depleted animals were observed in any structure of the forebrain. It is concluded that the noradrenergic locus ceruleus system does not contribute to the development of delayed postischemic hypoperfusion. Key Words: Ce rebral blood flow-Cerebral ischemia-6-Hydroxydo pamine-Locus ceruleus-Rat. The objective of the present study was to test this hypothesis by exploring the effects of a destruction of the ascending noradrenergic pathways on CBF during the recirculation period following incomplete cerebral ischemia.
MATERIALS AND METHODS
All experiments were performed on male Wistar rats (S.P.F. strain; Mpllegaards Avlslaboratorium, Copen hagen) weighing between 335 and 460 g. The animals had unlimited access to food pellets and tap water until op eration.
Lesion technique
Bilateral lesions of the ascending NA fibers from the locus ceruleus were made under barbiturate anesthesia (Brietal; Lilly; 40 mg kg-1 i.p.) at the level of the caudal mesencephalon as described previously (for details, see Dahlgren et aI., 198 1) . The lesions were produced by in jections of 6-hydroxydopamine (6-0HDA; 8 fLg in 4 fLI saline on each side). In sham-operated animals, the can nula was lowered to the same coordinates, but no injec tion of 6-0HDA was made. The further experiments were performed 14-2 1 days after the lesions had been carried out. The sham-operated and NA-lesioned animals showed no gross behavioral abnormalities, and their body weight was not different from that of the controls.
Control of lesion
The efficiency of the lesions was controlled by analysis of the NA content in the frontal poles. When the brain was taken for autoradiographic analysis of CBP (see below), the frontal poles (weighing between 5 and 15 mg) were cut off. NA was then determined using a radioen zymatic method on an acidic extract (for details, see Schmidt et aI., 1982) .
Measurement of blood flow
Operative and sampling techniques. The animals were anesthetized in aj ar with a gas mixture containing 2-3% halothane in 70% nitrous oxide and oxygen; when unre sponsive, they were tracheotomized, paralyzed with sux amethonium chloride (Celocurin; Vitrum AB, Stock holm, Sweden; 3 mg kg�l i.v.), and connected to a Star ling-type respirator delivering 0.7% halothane in 70% nitrous oxide and oxygen. The dose of suxamethonium was repeated every 20 min to maintain muscle paralysis. The femoral arteries, femoral veins, and one brachial artery were cannulated for blood sampling, continuous blood pressure recording, infusions, and injections. Both common carotid arteries were isolated via the same ven tral neck incision as the tracheostomy. Gold-plated copper screws were inserted into the skull bone for EEG recordings. When the surgical procedure was completed, the halothane supply was discontinued and ventilation (on 70% nitrous oxide and 30% oxygen) was adjusted to give arterial oxygen (Pao2) and carbon dioxide (Paco2) tensions of -100 and 35-40 mm Hg, respectively. Body temperature, as measured in the rectum, was kept close to + 37°C by means of a heating bulb. The animals were allowed a steady-state period of -30 min.
Prior to the sampling of blood for the first blood gases measurement, heparin 300 IU kg� 1 was given intrave nously. Blood gases were determined after anaerobic sampling of arterial blood in glass capillaries. Pao2, Paco2, and pH were measured with microelectrodes, operated at 37°C, with correction for body temperature.
Induction of ischemia. Reversible incomplete forebrain ischemia was induced by bilateral common carotid artery occlusion combined with arterial hypotension (Nord strom and Siesjo, 1978; Kagstrom et aI., 1983) . To achieve rapid hypotension and avoid hypertensive response to carotid artery occlusion, trimethaphan camsylate (Ar fonad; Hoffmann-La Roche, Basel, Switzerland; 2 mg ml � 1 solution) was given intravenously in a dose of 2-3 mg kg�l (for details, see Smith et aI., 1984) . When blood pressure reached 70-80 mm Hg, the common carotid ar teries were occluded bilaterally with rubber-coated clamps. The mean arterial pressure was lowered further to, and maintained at, 50 mm Hg during the ischemia with a servosystem that allowed automatic extraction and rein fusion of blood between a femoral artery and a femoral vein. At the end of the ischemia, the blood pressure was normalized by the reinfusion of blood and the immediate removal of the carotid artery clamps. Onset of ischemia was timed at a blood pressure of 50 mm Hg and when the EEG became isoelectric. During the recirculation period, repeated intravenous injections of 0.6 M sodium bicar bonate were given to counteract systemic acidosis, and the ventilation volume was increased to compensate for an increase in Paco2. There was no mortality in any of the three animal groups, during or following ischemia.
Technique for determination of local CBF. Local CBP was measured according to the method described by Sak urad a et ai. [1978; for details of the procedure used in our laboratory, see Abdul-Rahman et ai. (1979) and Ingvar et al. (1981) ]. In the present experiments, 30 /-lCi [14Cliodoantipyrine in 0.75 ml Krebs-Hensleit solution was infused intravenously at a constant rate for 45 s, and blood samples were obtained just before and every fifth second during the infusion.
Statistics
Statistical differences were calculated using one-way analysis of variance with the Newman-Keul test; p < 0.0 1 was chosen as the level of significance for the assessment of differences between groups. as has been proposed for the cat (Bates et aI. , 1977) and monkey (Raichle et aI., 1975) . Values are means ± SEM. NA. noradrenaline.
RESULTS AND DISCUSSION
The main objective of the present study was to clarify whether or not the noradrenergic locus ce ruleus system plays any important role in the devel opment of the delayed postischemic hypoperfusion.
The CBF data shown in Ta ble 3 indicate that this is not the case. Following 60 min of recirculation, there was no significant difference in CBF in any structure between nonoperated, sham-operated, and 6-0HDA-lesioned animals. This is also illus trated in Fig. 1, which However, the present study shows that complete removal of the ascending noradrenergic projections from the locus ceruleus does not affect CBF during the recirculation period. It therefore seems highly unlikely that these neurons are significantly in- 
